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Genetic Evidence for the Expansion of Arabian Tribes
into the Southern Levant and North Africa

To the Editor:
In a recent publication, Bosch et al. (2001) reported on
Y-chromosome variation in populations from north-
western (NW) Africa and the Iberian peninsula. They
observed a high degree of genetic homogeneity among
the NW African Y chromosomes of Moroccan Arabs,
Moroccan Berbers, and Saharawis, leading the authors
to hypothesize that “the Arabization and Islamization
of NW Africa, starting during the 7th century AD, …
[were] cultural phenomena without extensive genetic re-
placement” (p. 1023). H71 (Eu10) was found to be the
second-most-frequent haplogroup in that area. Follow-
ing the hypothesis of Semino et al. (2000), the authors
suggested that this haplogroup had spread out from the
Middle East with the Neolithic wave of advance. Our
recent findings (Nebel et al. 2000, 2001), however, sug-
gest that the majority of Eu10 chromosomes in NW
Africa are due to recent gene flow caused by the migra-
tion of Arabian tribes in the first millennium of the Com-
mon Era (CE).

In the sample of NW Africans (Bosch et al. 2001), 16
(9.1%) of the 176 Y chromosomes studied were of Eu10
(H71 on a haplogroup 9 background). Of these 16 chro-
mosomes, 14 formed a compact microsatellite network:
7 individuals shared a single haplotype, and the hap-
lotypes of the other 7 were one or two mutational steps
removed. This low diversity may be indicative of a re-
cent founder effect. Where did these chromosomes come
from?

The highest frequency of Eu10 (30%–62.5%) has
been observed so far in various Moslem Arab popula-
tions in the Middle East (Semino et al. 2000; Nebel et
al. 2001). The most frequent Eu10 microsatellite hap-
lotype in NW Africans is identical to a modal haplo-
type (DYS19-14, DYS388-17, DYS390-23, DYS391-11,
DYS392-11, DYS393-12) of Moslem Arabs who live in
a small area in the north of Israel, the Galilee (Nebel et
al. 2000). This haplotype, which is present in the Galilee
at 18.5%, was termed the modal haplotype of the Galilee
(MH Galilee) (Nebel et al. 2000). Notably, it is absent

from two distinct non-Arab Middle Eastern populations,
Jews and Muslim Kurds, both of whom have significant
Eu10 frequencies—18% and 12%, respectively (Nebel
et al. 2001). Interestingly, this modal haplotype is also
the most frequent haplotype (11 [∼41%] of 27 individ-
uals) in the population from the town of Sena, in Yemen
(Thomas et al. 2000). Its single-step neighbor is the most
common haplotype of the Yemeni Hadramaut sample
(5 [∼10%] of 49 chromosomes; Thomas et al. 2000).
The presence of this particular modal haplotype at a
significant frequency in three separate geographic locales
(NW Africa, the Southern Levant, and Yemen) makes
independent genetic-drift events unlikely.

It should be noted that the Yemeni samples (Thomas
et al. 2000) were not typed for the binary markers (p12f2
and M172) that define Eu10. However, both Yemeni
modal haplotypes are present on a haplogroup back-
ground compatible with Eu10. These haplotypes carry
a DYS388 allele with a high number of repeats (i.e., 17).
High repeat numbers of DYS388, �15, were found to
occur almost exclusively on Hg9, which comprises Eu9
and Eu10. Furthermore, in a sample of a six Middle
Eastern populations, chromosomes with 17 repeats are
frequent (40%) in Eu10 and rare (7%) in Eu9 (Nebel
et al. 2001).

The term “Arab,” as well as the presence of Arabs in
the Syrian desert and the Fertile Crescent, is first seen
in the Assyrian sources from the 9th century BCE (Eph’al
1984). Originally referring to nomads of central and
northern Arabia, the term “Arabs” later came to include
the sedentary population of the south, which had its own
language and culture. The term thus covers two different
stocks that became linguistically and culturally unified
yet retained consciousness of their discrete origins
(Grohmann et al. 1960; Rentz 1960; Caskel 1966, pp.
19–47; Goldziher 1967, pp. 45–97, 164–190; Beeston
1995; also see Peters 1999). Migrations of southern Ara-
bian tribes northwards have been recorded mainly since
the 3d century CE. These tribes settled in various places
in central and northern Arabia, as well as in the Fertile
Crescent, including areas that are now part of Israel
(Dussaud 1955; Ricci 1984). The emergence of Islam in
the 7th century CE furthered the unification of the Ara-
bian tribal populations. This unified Arab-Islamic com-
munity engaged in a large movement of expansion, the
Fertile Crescent and Egypt being the first areas to have
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been conquered. It is very difficult to trace the tribal
composition of the Muslim armies, but it is known that
tribes of Yemeni origin formed the bulk of those Muslim
contingents that conquered Egypt in the middle of the
7th century CE. Egypt was the primary base for raids
further west into the Maghrib. The conquest of North
Africa was difficult and took a few decades to complete
(Abun-Nasr 1987). The region was militarily and ad-
ministratively attached to Egypt until the beginning of
the 8th century CE. Arab tribes of northern origin entered
North Africa as well, both as troops and as migrants.
A major wave of migration of such tribes, the Banu Hilal
and Banu Sulaym, occurred during the 11th century CE

(Abun-Nasr 1987). Thus, the Arabs, both southern (Ye-
meni) and northern, added to the heterogeneous Maghri-
bi ethnic melting pot.

Little is known of the origins of the indigenous pop-
ulation of the Maghrib, the Berbers, except that they
have always been a composite people. After the 8th cen-
tury CE, a process of Arabization affected the bulk of
the Berbers, while the Arab-Islamic culture and popu-
lation absorbed local elements as well. Under the uni-
fying framework of Islam, on the one hand, and as a
result of the Arab settlement, on the other, a fusion took
place that resulted in a new ethnocultural entity all over
the Maghrib. In addition, Berber tribes sometimes
claimed Arab descent in order to enhance their prestige.
For example, the Berber nomadic tribe of the western
Sahara, the Lamtuna, claimed descent from one of the
South Arabian eponyms, Himyar. One of the chiefs of
this Berber tribe, Lamtuna, is sometimes referred to as
Saharawi, meaning “one of the nomads” or “one who
comes from the Sahara” (Ibn al-Athir 1898, p. 462; Ibn
Khallikan 1972, pp. 113, 128–129; Lewicki 1986). In
Arabic sources, however, the name Saharawi is seldom
used and does not seem to refer to a specific genealogical
group. In light of these historical data, it is not surprising
to find, among the Berbers and contemporary Saharawis
of northern Africa, Y chromosomes that may have been
introduced by recurrent waves of invaders from the Ara-
bian Peninsula.

These documented historical events, together with the
finding of a particular Eu10 haplotype in Yemenis, Pal-
estinians, and NW Africans, are suggestive of a recent
common origin of these chromosomes. Remarkably, the
only non-Arabs in whom this haplotype has been ob-
served to date are the Berbers (Bosch et al. 2001). It
appears that the Eu10 chromosome pool in NW Africa
is derived not only from early Neolithic dispersions but
also from recent expansions from the Arabian peninsula.
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SMN Dosage Analysis and Risk Assessment for Spinal
Muscular Atrophy

To the Editor:
Feldkötter et al. (2002) recently reported a new method
to determine, on the basis of real-time, quantitative PCR,
copy numbers of SMN1 (MIM 600354) and SMN2
(MIM 601627). Their method allows a greater degree of
automation and a faster turnaround time than do meth-
ods that have been described elsewhere (McAndrew et al.
1997; Chen et al. 1999; Wirth et al. 1999; Gérard et al.
2000; Scheffer et al. 2000; Ogino et al. 2001). Using their
new method, they demonstrated that the copy number of
SMN2—which is the centromeric homologue of SMN1,
the disease gene for spinal muscular atrophy (SMA [MIM
253300 for type I; MIM 253550 for type II; and MIM
253400 for type III])—influences the severity of SMA in
affected individuals with homozygous deletions of SMN1.
They found that, the greater the copy number of SMN2
was, the greater the likelihood was of a milder SMA type.
Because this correlation is not absolute, they used Bayes-
ian-type analyses to determine the posterior probabilities
of developing each SMA type, with both a homozygous
deletion of SMN1 and a given copy number of SMN2.
We discuss below several important ethical, prognostic,
and technical issues raised in their article.

In table 6, Feldkötter et al. report “Probabilities That
an Unaffected Who Has Been Tested after Birth and Has

Been Found to Carry a Homozygous Absence of SMN1
Will Develop Type I, II, or III SMA, on the Basis of
Number of SMN2 Copies.” SMA is usually a childhood-
onset disease, and testing of unaffected children is eth-
ically problematic. We agree with the American Society
of Human Genetics and the American College of Med-
ical Genetics that “Timely medical benefit to the child
should be the primary justification for genetic testing in
children and adolescents” (American Society of Human
Genetics Board of Directors and American College of
Medical Genetics Board of Directors 1995, p. 1233).
Since there are currently no effective treatments, pre-
symptomatic or otherwise, for SMA, the timely medical
benefit of the testing of unaffected children is unclear.

For the purpose of predicting SMA type from the
SMN2 copy number in unaffected children who lack
SMN1, Feldkötter et al. perform Bayesian-type anal-
yses by use of odds ratios, rather than conventional
conditional probabilities. For the prior probabilities,
they use the distribution of types of SMA among in-
dividuals affected with SMA: .51, for type I; .32, for
type II; and .17, for type III. Even if one were to test
unaffected children in this way, for this purpose, these
prior probabilities would not be the correct ones to use
for Bayesian or Bayesian-type analyses. If a child is
asymptomatic at age 10 mo, for example, he or she is
much less likely to have type I SMA than to have one
of the other types (Zerres and Rudnik-Schöneborn
1995). One would have to incorporate the conditional
probabilities of being asymptomatic at a particular age,
for the hypothesis of each SMA type.

The data on SMN2 copy number given by Feldkötter
et al. could be used in prenatal testing, to predict SMA
type. However, the prior probabilities that they use
would be applicable only if the family history of SMA
is of an unknown type. Although families with more
than one type of SMA have been described—and are
far from rare—knowing the type of SMA in an affected
family member increases the prior probability of that
type of SMA in a relative who is at risk of developing
SMA. If the type of SMA in that affected family mem-
ber is unknown, then the distribution of SMA types
among all individuals with SMA would be relevant to
the assignment of prior probabilities.

On the basis of all reported data, Feldkötter et al.
state that, because two SMN1 copies were found on 20/
834 (2.4%) healthy chromosomes, “4.8% of normal in-
dividuals would be misinterpreted as noncarriers on the
basis of the direct SMN1 test” (p. 365). Actually, these
data imply that ∼4.8% of noncarriers would have three
copies of SMN1 and that ∼2.4% of carriers with an
SMN1 deletion on one chromosome 5 would have two
SMN1 copies on the other chromosome 5. We have re-
ferred to the latter as the “ ” genotype (Chen et al.2 � 0
1999). Taking into account the ∼1.7% of carriers who
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have an intragenic mutation undetectable as an SMN1
exon 7 deletion, Feldkötter et al. state that this “reduces
the sensitivity of the test to 93.5% for a person from
the general population” (p. 365). Combining the ∼1.7%
of carriers who have an intragenic mutation with the
∼2.4% (i.e., ) of carriers who have0.024 # [1 � 0.017]
the genotype gives the overall sensitivity of SMN2 � 0
dosage analysis for the detection of SMA carriers in the
general population as ∼95.9%. If an affected family
member were known to have a homozygous deletion of
SMN1, then the sensitivity of SMN dosage analysis for
the detection of carriers among unaffected family mem-
bers would be ∼97.6% (i.e., ). This is0.959/[1 � 0.017]
because the probability of an intragenic-mutation carrier
in this family is greatly decreased relative to the prob-
ability of a carrier (Ogino et al., in press).2 � 0

Updating our combined data (McAndrew et al. 1997;
Ogino et al. 2002, in press) gives 23 of 590 normal chro-
mosomes 5 that have two copies of SMN1. Combining
these data with those of Feldkötter et al. gives a total of
37 of 1,120 (3.3%) normal chromosomes 5 that have
two copies of SMN1. We excluded other data in the lit-
erature (Wirth et al. 1999; Gérard et al. 2000; Scheffer
et al. 2000), for reasons described elsewhere (Ogino et
al., in press). On the basis of these numbers, ∼3.2% (i.e.,

) of carriers would have the ge-0.033 # [1–0.017] 2 � 0
notype. Therefore, the sensitivity of SMN dosage analysis
for the detection of carriers in the general population
would be ∼95.1%, and that for the detection of carriers
in a family with an affected individual lacking SMN1
would be ∼96.7% (i.e., ).0.951/[1 � 0.017]

Taking advantage of the single nucleotide differences
between SMN1 and SMN2 in both exon 7 and intron 7,
Feldkötter et al. used gene-specific primer pairs to amplify
only SMN1 or only SMN2. The primer pairs for each
gene were mismatched for the other gene at either the
final or the penultimate nucleotide from the 3′ end. These
mismatches corresponded to the sequence differences in
exon 7 (forward primers) and intron 7 (reverse primers).
Gene conversions between SMN1 and SMN2, which have
been reviewed elsewhere (Burghes 1997), could poten-
tially complicate this approach. If the SMN1 exon 7 se-
quence (C) were converted to the SMN2 exon 7 sequence
(T) but the SMN1 intron 7 sequence remained the same,
the converted gene would presumably function as an
SMN2 gene in vivo. This is because the CrT transition
in exon 7 of SMN2, although translationally silent, de-
creases the activity of an exonic splicing enhancer, so that
less full-length protein is expressed (Lorson et al. 1999;
Monani et al. 1999; Jong et al. 2000). By use of the gene-
specific primers given by Feldkötter et al., the converted
gene might have a different amplification efficiency from
that of the normal SMN1 or SMN2 gene. Primers that
are allele specific only for the functionally important poly-

morphism in exon 7 but not for the polymorphism in
intron 7 might alleviate this problem.
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Reply to Ogino and Wilson

To the Editor:
Drs. Ogino and Wilson (2002 [in this issue]) raised some
issues regarding our paper on quantitative testing of
SMN1 and SMN2 in spinal muscular atrophy (SMA)
(Feldkötter et al. 2002). First, they raised some ethical
issues regarding the testing of unaffected children for
SMA. We are also aware of the controversial aspects of
such testing and, in general, agree with Drs. Ogino and
Wilson: the identification, at birth, of homozygous ab-
sence of SMN1 in children, followed by the quantitative
analysis of SMN2, should be offered as a prognostic tool
only when a therapy for SMA is available. In this case,
a newborn screening (similar to that in phenylketonuria)

could—and possibly should—be considered. Since sev-
eral drugs that up-regulate full-length SMN2 have been
found (Andreassi et al. 2001; Chang et al. 2001) and
since the identification of many more is in progress, the
development of a therapy for SMA seems likely to be-
come a reality in the near future. Therefore, the devel-
opment of a highly sensitive and fast method to deter-
mine the number of SMN2 copies will be an essential
prerequisite before starting a therapy. Furthermore, the
identification, immediately after birth, of children who
carry homozygous absence of SMN1 will be equally es-
sential, to start the therapy before the motor neurons
are degenerated. On the basis of the number of SMN2
copies, the dosage and starting-point of a therapy may
significantly vary.

Since an efficient therapy has to be started early, we
calculated the posterior probability that a child with an
SMN1 deletion would develop type I, type II, or type III
SMA, under the assumption that the analysis is done
immediately after birth. As a consequence, we have used
a Bayesian-type analysis that is based on the odds ratios
and a priori probabilities as chosen.

We reevaluated the sensitivity calculations, and we
agree with Drs. Ogino and Wilson that the sensitivity
of the test, for the detection of an SMA carrier from the
general population without family history, is 95.9% (i.e.,

), since 2.4% of carriers have two1 � [0.024 � 0.017]
SMN1 copies per chromosome and 1.7% carry intra-
genic SMN1 mutations. Therefore, there is a posterior
probability of ∼1:850 (i.e., ) that a[4.1/100] # [1/35]
person from the general population who carries two
SMN1 copies is an SMA carrier. The carrier frequency
of 1:35 is based on the results presented in our previous
article (Feldkötter et al. 2002). The sensitivity of the test
for the detection of an SMA carrier from a family with
an affected patient who carries a homozygous absence
of SMN1 is 97.6% (i.e., ).1 � 0.024

With reference to the primers designed to detect either
SMN1 or SMN2, the test is based on two nucleotide
differences in exon 7 and in intron 7 (position �100).
This implies that converted SMN genes may amplify
with a decreased efficiency. At this point, it is important
to mention that, in the large majority (42/44 [∼95%])
of converted SMN genes, the complete gene, except for
the region containing the nucleotide difference in exon
8, is converted (Hahnen et al. 1996). This means that,
for most converted SMN genes, the two primers that we
have applied lie in either SMN1 or SMN2 only and will
not hamper the efficiency of the PCR. Additionally, the
analysis of 20 patients with only homozygous absence
of SMN1 exon 7 showed identical number of SMN2
copies analyzed with both methods—multiplex com-
petitive PCR (Wirth et al. 1999) and LightCycler PCR
(Feldkötter et al. 2002). Nevertheless, the efficiency of
the PCR may be reduced for those rarely observed SMN
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Figure 1 Path diagram showing the relationship between two
observed variables ( and ) for a pair of siblings. Covariation be-V V1 2

tween the phenotypes is due to the QTL (Q), genetic and environmental
sources that are shared among siblings ( and ), and nonsharedS S1 2

sources of variation ( and ).E E1 2

genes in which the breakpoint lies between the two prim-
ers used in the LightCycler PCR.
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The Power of Multivariate Quantitative-Trait Loci
Linkage Analysis Is Influenced by the Correlation
between Variables

To the Editor:
In a recent article, Sham et al. (2000) investigated the
power of variance-components linkage analysis by deriv-

ing an analytic expression for the noncentrality parame-
ter (NCP) of the linkage test. The authors demonstrated
that the NCP—and, hence, the power of the test to detect
linkage—was determined primarily by the square of the
additive and dominance genetic components of variance
due to the quantitative-trait locus (QTL) and by the re-
sidual correlation between siblings. However, Sham et al.
presented calculations for the univariate case only. Re-
cently, it has been demonstrated that the power of QTL
linkage analysis may be increased by use of multivariate
techniques that analyze the pleiotropic action of the QTL
on several variables (Boomsma 1996; Martin et al. 1997).
In particular, the power of multivariate linkage analy-
sis is strongly influenced by the correlation between the
variables, being greatest when the QTL induces covar-
iation between the variables in the direction opposite to
the residual correlation (Allison et al. 1998; Amos et al.
2001). Here, I follow the methodology of Sham et al., to
demonstrate analytically, for the first time, how the power
of a bivariate variance-components linkage analysis de-
pends not only on the magnitude and direction of the
correlation between variables but also on the source of
this correlation.

The relationship between two observable variables is
parameterized in terms of the path model displayed in
figure 1. Observed variables for each sib pair (square
boxes) are due to the combined action of several latent
variables (circles), including a pleiotropic QTL (Q), poly-
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Figure 2 NCP as a function of either the correlation between
unique sources of variation (lines with diamonds) or the correlation
between shared sources of variation (lines with triangles).

genic and environmental effects common to each mem-
ber of the sib pair ( and ), and unique environmen-S S1 2

tal influences specific to each sibling ( and ). CausalE E1 2

paths between variables are represented by unidirectional
arrows, whereas correlations between variables are rep-
resented by bidirectional arrows. The strength of asso-
ciation between each variable is measured by a path co-
efficient (equivalent to a partial regression coefficient), in
the case of a causal path, or a correlation coefficient, in
the case of a bidirectional path. The correlation between
siblings for the common QTL is , the estimated pro-p̂

portion of genes shared identical by descent at the trait
locus, whereas the correlation between siblings for shared
polygenic and environmental sources (i.e., and ) is 1.S S1 2

Correlations between phenotypes arise because of the plei-
otropic action of the QTL (represented by the product of
the path coefficients and ), from polygenic and en-q q1 2

vironmental effects shared between siblings (represented
by the product of a, , and ) and from nonshared re-s s1 2

sidual effects (represented by the product of b, , ande1

). It is assumed that each variable is standardized to unite2

variance. The test for linkage is computed as twice the
difference in log-likelihood between a model where andq1

are estimated and a model where and are con-q q q2 1 2

strained to 0. Since (or, alternatively, ) is constrainedq q1 2

to be positive, whereas has no such constraint (to allowq2

for the possibility of a negative correlation between the
observed variables), the test statistic is distributed asymp-
totically as a 50:50 mixture of and (Self and Liang2 2x x1 2

1987).
Under the null hypothesis of no linkage (N), the as-

ymptotic parameter estimates for the covariance matrix,
implied by figure 1, of the ith sib pair are

1

q q � as s � be e 11 2 1 2 1 2

S piN 2q q q1 1 22� s � as s 11 1 22 2
2q q q1 2 2 2� as s � s q q � as s � be e 11 2 2 1 2 1 2 1 22 2

(only lower elements of the matrix are shown). Under
the alternative hypothesis of linkage (L), the asymptotic
parameter estimates are given by:

1

q q � as s � be e 11 2 1 2 1 2

S piL

2 2ˆ ˆp q � s p q q � as s 1i 1 1 i 1 2 1 2

2 2ˆ ˆp q q � as s p q � s q q � as s � be e 1i 1 2 1 2 i 2 2 1 2 1 2 1 2

According to Sham et al. (2000), the NCP for linkage
( ) is equal to twice the difference in expected log-like-lL

lihoods between the alternative and null hypotheses:

l p E(2 ln L ) � E(2 ln L )L L N

1 1 1
F F F F F F F Fp ln S � ln S � ln S � ln S .N pp0 pp0.5 pp14 2 4

To evaluate this expression, note that the determinant
of a matrix of order n is a sum of signed products,n!
each involving n elements of the matrix. The compu-
tation is made easier, in the present case, because the
variables are standardized and, therefore, the diagonal
terms of the matrix are equal to 1:

FSF p 1 � 2r r r � 2r r r � 2r r r21 31 32 21 41 42 31 41 43

2 2 2 2 2 2� 2r r r � r r � r r � r r32 42 43 21 43 32 41 31 42

2 2 2 2 2 2� r � r � r � r � r � r21 31 32 41 42 43

� 2r r r r � 2r r r r21 32 41 43 21 31 42 43

� 2r r r r ,31 32 41 42

where is the element corresponding to the ith row andrij

jth column of S. If we denote the right half of this equa-
tion as “ ” and note that the first-order Taylor-series1 � x
expansion of , then the NCP may be ap-ln (1 � x) ≈ x
proximated as

1 1 1
l ≈ x � x � x � x ,L S 2 1 04 2 4

where , , , and are the first-order Taylor-seriesx x x xS 2 1 0

approximations for the null hypothesis and the alternative
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hypotheses of sharing two, one, or zero alleles identical
by descent at the trait locus.

Evaluation of this expression in terms of the param-
eters in figure 1 yields

4 4 2 2 4 4q q q q q q1 2 1 2 1 2
l ≈ � � �L 8 8 4 2

2 4 4 2 4 4q q q q q s1 2 1 2 1 2� � �
2 2 8
4 4 2 2 2 2q s q q s s2 1 1 2 1 2� �
8 4

3 2 2aq q s s (q � s � 1)1 2 1 2 1 1�
2

3 2 2aq q s s (q � s � 1)1 2 1 2 2 2�
2

3 2 3 2bq q e e (q � 1) bq q e e (q � 1)1 2 1 2 1 1 2 1 2 2� �
2 2

2 2 2 2 2b q q e e1 2 1 22 2� abq q s s e e � .1 2 1 2 1 2 2

Note particularly that the second part of the equation
(i.e., the last four lines) contains terms involving the
correlation between shared polygenic and environmental
effects (a) and the correlation between unique environ-
mental effects (b). The sign of these correlations con-
tributes to the magnitude of the NCP. Consider first the
terms containing the correlation between shared poly-
genic and environmental effects (i.e. the terms containing
a). It is apparent that the parts of the expression inside
parentheses must be negative. Therefore, if the QTL and
shared polygenic and environmental influences produce
correlations in the same direction, the terms will be neg-
ative, and therefore the NCP and the power to detect
linkage will decrease. In contrast, when the QTL and
shared influences induce correlations in opposite direc-
tions, the terms will become positive increasing the NCP
and power. The power to detect linkage increases as the
correlation between shared sources decreases (i.e., be-
comes more negative). A similar argument also applies
to terms containing the QTL and unique sources of var-
iation (i.e., the terms that include a), although the in-
crease in power is more dramatic because the terms in-
side the parentheses are greater in magnitude and because
there is an additional term containing b that is always
positive (i.e., ). The last term in the equation2 2 2 2 21/2b q q e e1 2 1 2

(i.e., ) suggests that the increase in power2 2abq q s s e e1 2 1 2 1 2

will be greatest when both shared and nonshared influ-
ences induce covariance in the direction opposite to the
QTL.

Figure 2 displays the effect that varying the correlation
between shared and unique sources of variation has on

the NCP for a plausible biological model. In this model,
the QTL accounts for 20% of the variance of each trait
(i.e., ), and induces a positive correlation2 2q p q p 0.21 2

between the variables (i.e., and are both positive).q q1 2

Both shared and unique effects account for forty percent
of the variance for both traits (i.e., ;2 2 2s p s p 0.4 e p1 2 1

). The correlation between unique sources of var-2e p 0.42

iation is varied, while the shared correlation is fixed at 0
(lines with diamonds), and the correlation between shared
factors is varied, whereas the unique environmental cor-
relation is fixed at 0 (lines with triangles). Note that the
graph is based on exact values for the NCP and not on
the Taylor-series approximation.

In both cases, the NCP increases as the correlation be-
tween the latent sources of variation decreases. However,
although the increase in NCP is small and linear for the
shared case, the increase is dramatic and exponential as
the correlation between the unique sources of variation
decreases. Thus, the power of bivariate QTL linkage anal-
ysis depends not only on the phenotypic correlation be-
tween variables but also on the source of this correlation.

In conclusion, these results imply that, in a bivariate
linkage analysis, one is most likely to detect a QTL that
produces a correlation between variables opposite in di-
rection to the background correlation. In particular,
power is dramatically affected by the correlation between
the unique environmental sources of variation. This com-
bination of latent sources would tend to produce variables
that have low or moderate phenotypic correlations, a fact
that should be kept in mind when deciding which vari-
ables to include in a bivariate linkage analysis.
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The National Institutes of Health Announces Online
Availability of “Points to Consider When Planning a
Genetic Study That Involves Members of Named
Populations”

To the Editor:
The National Institutes of Health (NIH) has developed
a guide for researchers, called “Points to Consider When
Planning a Genetic Study That Involves Members of
Named Populations.” The NIH supports and encourages
the concept and process of community consultation in
many research areas and believes that investigators who
are planning genetic-research projects involving members
of named populations should consider whether and how
those communities should be consulted. The new “Points
to Consider” document describes what is meant by “com-
munity consultation”; presents situations in which com-

munity consultation should be considered; identifies po-
tential benefits, both for researchers and for communities,
that engagement in this process offers; and provides prac-
tical examples of how to plan a community consultation.
The “Points to Consider” document is posted on the NIH
Web site, at the URL given below.

It is increasingly important for researchers to realize
that nonscientists may not be well versed in the scientific
benefits resulting from genetics research. Individuals and
the communities to which they belong may fear that par-
ticipation in genetic studies involving named populations
may end up stereotyping that particular named popula-
tion, potentially putting the entire community at risk of
discrimination by insurers or other third parties. In cre-
ating the “Points to Consider” document, the NIH aims
to assist scientists in the design of studies that operate in
variable social and cultural contexts and that yield mean-
ingful data while they work with communities.
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